Abstract. The objective of the present study was to examine the effect of adrenocorticotropic hormone (ACTH) administration on the induction of persistent cystic follicle in the goat in order to establish a method to experimentally induce cystic follicle. Four cross-bred goats were intramuscularly administered ACTH at 0.78 and 6.25 μg/10 kg twice a day from Days 15 to 21 (Day 0 was defined as the day of last estrus). Follicular status in the ovary was monitored by ultrasound examination. The plasma concentrations of estradiol, progesterone and cortisol were measured. Treatment with ACTH at the 0.78 and 6.25 μg/10 kg levels caused persistent follicles (> 10 days delay from the expected ovulation date) in 50% of the goats in both treatment groups. In those animals, ovulation occurred 17 and 27 days and 11 and 12 days after the expected days in the 0.78 and 6.25 μg/10 kg groups, respectively. The maximum follicle diameters were 10 and 9 mm in the 0.78 and 6.25 μg/10 kg ACTH groups, respectively. In the control group, the estradiol concentration increased on Day 18 and remained at a high level for a few days. However, such an increase was not seen in both ACTH groups. The estradiol concentration increased gradually from Days 21 to 27 in the 6.25 μg/10 kg ACTH group. These results suggest the possibility that ACTH induces persistent follicles in goats, which may be related to the delay of the onset of estradiol secretion followed by its maintenance at a high concentration. Key words: Adrenocorticotropic hormone (ACTH), Cystic follicle, Estradiol, Goat (J. Reprod. Dev. 57: 212-216, 2011) ollicular cyst formation is one of the most common reproductive disorders in dairy cows caused by anovulation and continuous growth of follicles to excessive diameters over 20 mm [1] . Anovulation of the dominant follicle is attributable to the lack of a luteinizing hormone (LH) surge resulting from endocrine imbalances [2] [3] [4] . Deficiency of positive estrogen feedback is a primary cause for the lack of an LH surge [2, 5, 6] .
(J. Reprod. Dev. 57: 212-216, 2011) ollicular cyst formation is one of the most common reproductive disorders in dairy cows caused by anovulation and continuous growth of follicles to excessive diameters over 20 mm [1] . Anovulation of the dominant follicle is attributable to the lack of a luteinizing hormone (LH) surge resulting from endocrine imbalances [2] [3] [4] . Deficiency of positive estrogen feedback is a primary cause for the lack of an LH surge [2, 5, 6] .
The lack or decline of regressive control in the follicular tissues is closely linked to the excessive growth of the cystic follicle when imbalanced cell proliferation and apoptosis in granulose and theca cells is reported [7] [8] [9] . Prolonged vascular stability can delay tissue regression in cystic follicles and also contributes to the accumulation of follicular fluid that originates from the serum [10, 11] .
To examine the cause of cystic follicle formation more precisely, artificial induction of cystic follicle can be informative. So far, administration of adrenocorticotropic hormone (ACTH) [12, 13] , estradiol and progesterone [14] and testosterone [15] has been used to induce cystic follicles in cows. Administration of ACTH induces cortisol secretion from the adrenal gland, which inhibits gonadotropin releasing hormone (GnRH) secretion from the anterior pituitary, resulting in anovulation of domestic follicles [16, 17] . Continuous follicle growth then results into a cystic follicle.
The goat appears to be an appropriate model animal for cystic follicle study other than cows because a cystic follicle can be formed in them [18] . However, the method for artificial cystic follicle induction has not been well established. Tanaka et al. [19] administered estradiol and progesterone to goats with negative results. There is no other report concerning induction of cystic follicles in goats. The objective of the present study was to examine the effect of ACTH administration on the induction of persistent cystic follicle in goats in order to establish a protocol for experimentally inducing cystic follicles in goats.
Materials and Methods

Animals
Four cross-bred goats (Siba × Saanen, 2 to 5 years old, 30-40 kg) were kept in individual pens in accordance with experimental guidelines set by Hiroshima University. Blood was collected once a week to measure the progesterone concentration in order to check the gross estrous cycle.
Determination of ACTH amount for administration
ACTH administration and blood collection: To determine the appropriate amount of ACTH for inducing persistent cystic follicles, various amounts of ACTH were administered to goats while the plasma cortisol and glucose concentrations were measured because ACTH induces cortisol secretion from the adrenal gland, which in turn causes an increase in the blood glucose concentration. ACTH (acetotetra sactid, Cortrosin ® , Daiichi Pharmaceutical Co., Ltd., Tokyo, Japan) in various amounts of 25 (n=5), 12.5 (n= 3), 6.25 (n=3), 3.13 (n=3), 1.56 (n=3) and 0.78 μg/10 kg (n=5) body weight was administered to the goats intramuscularly. The benchmark ACTH amount (25 μg/10 kg) was set based on that reported previously in dairy heifers [17] . Blood samples were collected from the jugular vein into vacuum tubes at 0, 30, 60, 120 and 180 min after administration. Plasma was obtained from blood by centrifugation at 1,700 × g for 15 min and stored at -30 C until analysis for cortisol and glucose. The interval between administrations of ACTH was at least 48 h.
Measurement of glucose: Plasma glucose concentration was measured automatically using a glucose analyzer (Arkray, Kyoto, Japan). Glucose standard (STD-Hi, 150 mg/dl) was purchased from Arkray.
Measurement of plasma cortisol: The concentration of plasma cortisol was measured by enzyme immunoassay as described previously [20] . Briefly, plasma was extracted with dichloromethane, and extracted cortisol was reconstituted in assay buffer (0.05 M borate buffer supplemented with 0.2% bovine serum albumin). A competitive enzyme immunoassay was performed using rabbit anti-cortisol antibody (COSMO BIO, Tokyo, Japan) and horseradish peroxidase (HRP)-conjugated cortisol (COSMO BIO) for 4 h, and then 3,3-,5,5-tetramethylbenzidine (TMB) solution was added as a substrate. Optical density at 655 nm was measured to determine the concentration. The Sensitivity, intra-assay coefficient of variation (CV) and interassay CV were 150 pg/ml, 10.6-12.4% and 10.6-13.4%, respectively.
ACTH administration for induction of persistent cystic follicle
ACTH administration: Estrous sign was checked every day, and the day of estrus was considered as Day 0. Estrus was confirmed by determination of plasma progesterone. Goats were administered 0 (n=2), 0.78 (n=4) or 6.25 (n=4) μg/10 kg of ACTH intramuscularly twice a day from Days 15 to 21. Blood collection and ultrasound examination were conducted daily from Days 15 to 21 and every other day onwards to the day of disappearance of the dominant follicle. Blood was collected from the jugular vein into vacuum tubes, and plasma was obtained by centrifugation (1,700 × g for 15 min). Plasma samples were frozen at -30 C until the hormone assay. Follicular diameter was measured by ultrasound examination using a Tringa Vet ultrasound (Pie Medical, Netherlands). If ovulation was delayed more than 10 days from the expected ovulation date, it was characterized as persistent follicle for the purpose of this study.
Measurement of plasma progesterone: The concentration of plasma progesterone was measured by enzyme immunoassay as described previously [20] . Briefly, plasma was extracted with petroleum ether, and extracted progesterone was reconstituted in assay buffer. A competitive enzyme immunoassay was performed using rabbit anti-progesterone antibody [21] and HRP-conjugated progesterone [22] for 4 h and then TMB solution was applied to measure the optical density. The sensitivity, intra-assay CV and interassay CV were 5.5 pg/ml, 8.6-8.7% and 12.2-12.7%, respectively.
Measurement of plasma estradiol-17β: The concentration of plasma estradiol-17β was measured by time-resolved fluoroimmunoassay. Plasma (0.15 ml) was extracted with 2 ml diethyl ether, and extracted estradiol was reconstituted in 0.15 ml of 50 mM TrisHCl, 140 mM NaCl, 0.5% Tween40 and 0.5% BSA. A plate was coated with 0.1 ml of 15 ng/ml BSA-conjugated estradiol (Sigma, St. Louis, MO, USA) for 8 h at room temperature. After washing, the wells were blocked with 0.7% Na2HPO4 and 0.1% BSA for 2 h.
Samples and Eu-conjugated sheep anti-estradiol antibody were added to wells and incubated for 2 h. Sheep estradiol antibody [23] was affinity purified with an estradiol-BSA-coupled HiTrap NHSactivated HP column (GE Healthcare, Uppsala, Sweden) and labeled with Eu according to the instructions of the manufacturer (PerkinElmer Japan, Yokohama, Japan). After washing 6 times, the enhancement solution was added to each well, and fluorescence was measured with a time-resolved fluorometer (Multilabel Counter, 1420 ALVO, PerkinElmer Japan). The sensitivity, intraassay CV and interassay CV were 1 pg/ml, 2.3 and 7.7%, respectively.
Statistical analysis
Differences in the cortisol and glucose concentrations among different sampling times after ACTH administration and hormone concentrations among groups were analyzed by one-way ANOVA followed by Tukey's multiple range tests. Differences in day of ovulation among groups were analyzed by t-test. A probability of P<0.05 was considered to be statistically significant.
Results
In all ACTH dose groups (0.78 to 25.0 μg/10 kg), significant increases in cortisol concentration were observed at 30 or 60 min postadministration (Table 1) . When ACTH was administered at doses of 25 and 6.25 μg/10 kg, the glucose concentration increased significantly at 30 min compared with those before administration (Table 2 ). In the goat infused with 12.5 μg/10 kg, a late increase of the glucose concentration was observed at 120 min. In the next experiment, therefore, 6.25 μg/10 kg was employed to induce cystic follicles as the minimum amount to modulate the plasma glucose concentration. The concentration of 0.78 μg/10 kg was also used as the minimum amount to modulate plasma cortisol.
In the control, there were no goats showing delayed ovulation, while 50% of the goats in both the 0.78 and 6.25 μg/10 kg ACTH injected groups exhibited delayed ovulation ( Table 3 ). The numbers of delayed ovulation from the expected day were 11.5 and 7.3 in the goats administered with 0.78 and 6.25 μg/10 kg, respectively, although that of the control was less than 2 days. In goats with delayed ovulation, the days of ovulation were 17 and 27 and 11 and 12 at 0.78 and 6.25 μg/10 kg ACTH, respectively. The maximum diameters of follicles with delayed ovulation were 9 and 10 mm in the 0.78 μg/10 kg ACTH group and 7 and 9 mm in the 6.25 μg/10 kg ACTH group. However, the diameters of the dominant follicles in the control group were 5.0 and 7.5 mm. Typical changes in the follicular sizes in all groups are shown in Fig. 1 . In the control, the dominant follicle grew until Day 23, and this was followed by ovulation. Follicles reached their maximum sizes at Day 19 (9 mm) and Day 23 (6 mm) in the ACTH 6.25 and 0.78 groups, respectively. However, ovulation did not occur in both ACTH groups until Day 31.
In the control group, the estradiol concentration increased on Day 18 and remained at a high level until Day 23 (Fig. 2a) . However, such an increase was not seen in both ACTH groups. The estradiol concentration increased gradually from Days 21 to 27 and showed a comparatively high level even at Days 29 and 31 in the 6.25 μg/10 kg ACTH group.
The progesterone concentration decreased from Day 18 until Day 21 in all groups (Fig. 2b) . The concentration at Day 21 in the control group was under 1 ng/ml, whereas goats in the ACTH administration groups had progesterone concentrations of more than 1 ng/ml.
The cortisol concentration fluctuated throughout the whole period in all groups (Fig. 2c) .
Discussion
Ovulation was delayed for more than 10 days in 50% of the goats administered ACTH at doses of 0.78 and 6.25 μg/10 kg, with the control goats showing no such delay. The days of ovulation in the animals were 17 and 27 in the 0.78 μg/10 kg group and 11 and 12 in the 6.25 μg/10 kg group. These results suggest that ACTH can induce a delay of ovulation in goats.
Cystic follicles are defined on the basis of their diameter being more than 10 mm and persisting for more than 10 days in goats [18] . The maximum diameters of the persistent follicles observed in the present study were 7 to 10 mm in the ACTH-infused goats.
Although showing slightly smaller diameters, follicles persisted to 17 to 27 and 11 to 12 days in the 0.78 and 6.25 μg/10 kg ACTH groups, respectively. In cows, cystic follicle formation is based on ovulation delay itself and less so on follicular size [24] . Based on the above, the persistent follicles observed in the present study may be considered as cystic. Moreover, in the present study, ACTH was injected into the goats. Therefore, the smaller sizes of the follicles may be due to the ACTH disrupting some hypothalamus-pituitarygonad function.
In the control group, the estradiol concentration increased on Day 18 and remained at a high level until Day 23. This increase in estradiol concentration was followed by ovulation. However, the estradiol concentration was still low on Days 18 and 19 in the ACTH 6.25 group and on Days 18 to 23 in the ACTH 0.78 group, demonstrating that ACTH challenge induces suppression of estra- Delayed ovulation was defined as ovulation more than 10 days after the expected day. 2 The day of expected ovulation was considered to be Day 0. 3 Values are indicated as averages ± SD. * Data are indicated as real data because the number of data is 2.
diol secretion, which can prevent ovulation at the expected date. Furthermore, the estradiol concentration in the ACTH group (6.25 μg/10 kg) increased gradually from Day 21 and remained at a high level until Day 31, which may have induced the persistence of dominant follicles. It has been reported that high estradiol concentrations are observed for long periods in cows with cystic follicles [3, 17, 20, 25, 26] . Therefore, a prolonged high estradiol concentration may be linked to the persistence of cystic follicles in goats as well as in cows. The progesterone concentrations on Day 21 (the expected day of ovulation) were not different between the ACTH and control groups. However, both ACTH groups showed progesterone concentrations of more than 1 ng/ml, whereas the concentration was less than 1 ng/ml in the control. This suggests that ACTH induces progesterone secretion from the adrenal gland, resulting in the delay of progesterone reduction on Day 21 [27] .
The cortisol concentrations on Day 14 to 17 in the ACTH 6.25 group were comparatively high. In the present study, blood was collected just before ACTH treatment, i.e., 12 h after the last ACTH administration. The cortisol concentration increased temporarily 1 to 2 h after ACTH injection and then returned to the basal level. Therefore, the concentration of cortisol should be low at 12 h after ACTH treatment. Ribadu et al. [17] also reported high cortisol concentrations continuously from Days 15 to 21 after ACTH treatment but did not describe the time for blood sample collection. It is therefore not clear if this high cortisol concentration seen in the present study is due to the ACTH challenge or not.
The cortisol concentrations increased after administration with both doses of 0.78 and 6.25 μg/10 kg, whereas the glucose concentration increased in the 6.25 μg/10 kg group but not in the 0.78 μg/ 10 kg group. Ovulation was delayed in 50% of the goats in both groups. Therefore, elevation of the plasma glucose concentration may not have a critical role on the underlying mechanisms of delay of ovulation.
In conclusion, the results of the present study suggest the possibility that ACTH induces ovulation delay, resulting in consequent formation of persistent follicles in goats; this may be related to the delay of the onset of estradiol secretion, which is maintained at high concentrations. This finding has important implications for understanding the endocrinological mechanisms of cystic follicles and controlling this disease in the ruminant industry. 
